Growth and germination of vegetative cells and endospores of Bacillus cereus were affected by Streptococcus lactis, Streptococcus thermophilus, Lactobacillus acidophilus, and Lactobacillus bulgaricus in nonfat milk medium and by salts of organic acids in broth mediunm. Growth of the lactic acid bacteria was not affected by B. cereus. B. cereus increased rapidly to about 108 CFU/ml when cells were added at the beginning of growth of lactic acid bacteria; it was inactivated slowly when added after 24 h and rapidly when added after 72 h of lactic acid bacterial growth. Streptococci were more inhibitory to the growth of B. cereus than lactobacilli were at 24 h. Spore germination was not affected after 24 h, but it was inhibited after 48 and 72 h of lactic acid bacterial growth. Acetate was more inhibitory to the growth of vegetative cells, while formate was more inhibitory to spore germination. Acetate, formate, and lactate (all at 0.1 M) completely inactivated multiplication of B. cereus at pH 6.1, 6.0, and 5.6, respectively. Spores of B. cereus were more resistant to these organic acids compared with the resistance of vegetative cells. Formate, lactate, and acetate (all at 0.1 M) caused 50% inhibition of spore germination at pH 4.4, 4.3, and 4.2, respectively.
Lactic acid bacteria are widely involved in the manufacture of various cultured dairy products and fermented vegetables. These bacteria are capable of inhibiting or inactivating food-borne and other pathogenic microorganisms (2, 15) .
It has been demonstrated that salmonellae deliberately added at high levels to pasteurized milk and cheese curd during the early stages of fermentation survived for several months in the finished cheese (14) . Enteropathogenic Escherichia coli also increased 1,000-fold during the manufacturing of brick cheese and decreased slowly during ripening (4) . Products such as buttermilk, sour cream, and yogurt containing initial numbers of 100 cells of staphylococci per g were free of viable staphylococci within 24 h regardless of storage temperature (12) .
Lactic acid bacteria have different inhibitory activities against food pathogens. Both Streptococcus diacetilactis and Lactobacillus citrovorum were less inhibitory to Salmonella typhimurium than were Streptococcus cremoris or Streptococcus lactis. When added at the 1% level, Streptococcus thermophilus was more detrimental to Salmonella typhimurium than was Lactobacillus bulgaricus (13) . On milk agar plates, Streptococcus diacetilactis inhibited Pseudomonas sp., Alcaligenes sp., Salmonella sp., Staphylococcus aureus, Clostridium perfringens, and Vibrio parahaemolyticus (2) .
Bacillus cereus causes two types of food-poisoning outbreaks; emetic and diarrheal. Several kinds of toxins produced by B. cereus strains, such as hemolysin, cytotoxin, emetic toxin, and enterotoxins, have been studied (9) . In recent years, there have been an increasing number of food-poisoning outbreaks caused by B. cereus (5, 9) . It has been frequently isolated from dairy products (3). As reported by Ahmed et al. (1) , 9% of raw milk, 35% of pasteurized milk, 14% of cheese, and 48% of ice cream samples were contaminated with B. cereus. In our recent study (17) , 17% of fermented milks, 52% of ice creams, 35% of soft ice creams, 2% of pasteurized milks and pasteurized fruit-or nut-flavored reconstituted milks, and 29% of milk powders were contaminated with B. cereus. All these B. cereus isolates lysed rabbit erythrocytes; 98% showed Vero cell toxicity, and 68% showed cytotonic toxicity for CHO cells (17 cereus was inoculated at 104 CFU/ml, it also increased rapidly to 108 CFU/ml in less than 8 h and remained nearly unchanged up to 96 h. The acidity increased more rapidly from pH 6.8 to 4 compared with the pH in the medium with indigenous bacteria only, while the indigenous bacteria were immediately inhibited to less than 10 CFU/ml. B. cereus produced nearly equal amounts of lactate and acetate but only a negligible amount of formate (Fig. 1A ). The four lactic acid bacteria all grew rapidly to more than 108 CFU/ml in about 12 h at 30°C and immediately inhibited the indigenous bacteria to less than 10 CFU/ml. L. acidophilus produced acid slightly faster than L. bulgaricus and the other two streptococci. The pH values of media fermented by L. acidophilus, L. bulgaricus, S. lactis, and S. thermophilus were about 5.7, 5.9, 5.9, and 6.0, respectively, at 12 h; 4.8, 5.7, 5.6, and 5.6, respectively, at 24 h; and 4.1, 4.8, 4.8, and 4.5, respectively, at 48 h of fermentation. These lactic acid bacteria all produced much more lactate than acetate in the nonfat milk medium and a negligible amount of formate (Fig. 1) . The quantities of formate produced by B. cereus and lactic acid bacteria ranged from 1.4 x i0-5 to 6.7 x 10-4 M (data not shown). More lactic acid was produced by the two lactobacilli than by the two streptococci (Fig. 1) .
Growth and germination of B. cereus in nonfat milk medium with lactic acid bacterial cultures. B. cereus cultures were inoculated into the nonfat milk medium at an initial level of 104 CFU/ml at 0, 24, and 48 h after the growth of lactic acid bacteria. When B. cereus was added at the beginning of the growth of lactic acid bacteria, it grew nearly at the same rate as the lactic acid bacteria and reached a maximum density of about 108 CFU/ml in about 8 h and declined after 16 h (Fig. 2) . After 24 h of growth of lactic acid bacteria, B. cereus increased to i00 or 106 CFU/ml in 4 h in media fermented by the lactobacilli and then declined (Fig.  3) . In all cases, B. cereus declined slowly for several hours after it was added to the media fermented by the two streptococci (Fig. 3) . After 72 h of fermentation of all the tested lactic acid bacteria, B. cereus declined to less than 10 CFU/ml within 40 min (Fig. 4) organic acids commonly found in fermentation products and different pH levels (adjusted by 1 N HCI) on the growth and germination of vegetative cells and spores of B. cereus were determined in tryptic soy broth (Difco Laboratories, Detroit, Mich.). Growth of B. cereus was inhibited as the pH was lowered, and pH 5.0 was the critical point for cell growth (K = 0) (Fig. 5) . Since growth and germination of B. cereus were not affected at pH 6.4 (Fig. 5) , the effects of different concentrations of organic acids were determined at pH 6.4. At this pH, the critical concentrations of formate and acetate for inhibiting cell growth of B. cereus (K = 0) were about 0.15 M for both organic acids. When the concentration was lower than 0.15 M, acetate was more inhibitory than formate, but when the concentration was higher than 0.15 M, formate was more inhibitory (Fig. 6) . The critical concentration of lactate was about 0.33 M (Fig. 6) .
Since the concentration of organic acid produced by lactic acid bacteria in nonfat milk medium was about 0.1 M or less (Fig. 1) , and since growth and spore germination of B. cereus were only slightly or not affected by 0.1 M concentrations of these organic acids (Fig. 6) (9) , the effects of organic acids at different pH values were determined at this concentration. The critical pH values for inhibiting multiplication of B. cereus by 0.1 M lactate, formate, and acetate were 5.6, 6.0, and 6.1, respectively (Fig. 7) .
Effect of acidity and organic acids on the spore germination of B. cereus. In the TSB medium adjusted to different pHs with 1 N HCI, germination of B. cereus spores was largely inhibited at a pH below 4.2, while it was nearly unaffected at a pH above this value (Fig. 5) (Fig. 8) . At pH 6.4, the concentrations of formate, lactate, and acetate for inhibiting spore germination by 50% were about 0.44, 0.53, and 0.59 M, respectively (Fig. 9 ).
DISCUSSION
The medium used to study the antagonism of lactic acid bacteria and B. cereus was composed of nonfat milk and glucose (9%) instead of the sucrose that is used in commercial products. Nonfat milk, nonfat milk powder, sugar, flavoring, and coloring additives are the usual components of commercial yogurts in Taiwan and Japan. Sugar in the form of sucrose added at the beginning of fermentation usually makes up 9 to 10% of the content. Only 8.5% of B. cereus strains can utilize lactose (6); however, they may utilize the simple sugars generated by the cleaving of lactose by other bacteria in milk. In fact, when the B. cereus strain used in this study was inoculated at 104 CFU/ml into pasteurized milk (containing lactose) and into nonfat milk medium containing sucrose, it increased rapidly to 108 CFU/ml and acidities of the media also increased rapidly within a period of 8 h (H.-C. Wong, Y.-L. Chen, and C. L.-F. Chen, J. Food Prot., in press). Also, all B. cereus isolated from dairy products used sucrose (17) . It is reasonable that data obtained from this study can still be extrapolated to other milk media. In Western countries, milk is first fermented to pH 4, and then sugar and other constituents are added. In such a situation, B. cereus, if it is a contaminant at the beginning of the fermentation, could still multiply to a large population before the acidity reaches a limiting level.
When B. cereus and lactic acid bacteria were inoculated at the same time into the nonfat milk medium, B. cereus grew to a maximum population size and was then killed or inactivated after 16 h (Fig. 2) . At this time the pH values of these mixed cultures were about 5.3 to 5.7. However, when grown alone in the nonfat milk medium, B. cereus remained nearly unchanged for 95 h, while the pH of the medium after 48 h was similar to those of the media in which lactic acid bacteria were fermented. Therefore, killing or inactivation of vegetative cells of B. cereus in mixed cultures may be attributed to the higher lactic acid levels that occur in lactic acid bacterial cultures (Fig. 1) or to other factors such as hydrogen peroxide production, nutrient depletion, or a decrease in the oxidation-reduction potential (2) .
A population of more than 105 B. cereus cells per g is required for a food-poisoning outbreak to occur (9) . The enterotoxin of B. cereus is produced within the pH range of 6 to 8.5 (9) acid bacterial fermentation, has been demonstrated to be toxic to animal cell cultures (Wong et al., in press). Therefore, food poisoning caused by consuming these kinds of contaminated milk products is still possible.
More acid was produced by the lactobacilli than by the streptococci at the early stages of fermentation; however, considerable growth of B. cereus was allowed only in media fermented by lactobacilli for 24 h (Fig. 3) . Inhibitory factors other than pH or organic acid (or salts of organic acids) content may also be involved in the antibacterial activity of streptococci in milk products. Antibacterial agents such as nisin, hydrogen peroxide, formate, and acetate, and lactate have been identified in lactic acid bacteria (15) ; nisin is mostly associated with streptococci (2, 8) . The presence of nisin or nisin-like bacteriocins which are especially inhibitory to Bacillus spp. (8) may account for the higher inhibitory activity of the streptococci. However, some strains of B. cereus produce a nisinase and therefore are more resistant to nisin (8) . So, the nisin activity of the streptococci and the nisinase activity of the B. cereus used in this study must The inhibitory effects of formate, acetate, and lactate on cell growth and spore germination of B. cereus were evaluated in this study. The critical pH values for inhibition of vegetative cells (K = 0) by 0.1 M acetate, formate, and lactate were about 6.1, 6.0, and 5.6, respectively (Fig. 7) , while the value for HCl-acidified medium was 5.0 (Fig. 5) . Therefore, inhibitory activities can be arranged in the following descending order: acetate, formate, lactate, and HCl. For inhibiting spore germination of B. cereus, the activities of salts of organic acids can be similarly arranged in a descending order: formate, lactate, and acetate. As demonstrated in this study, higher acidity or concentrations of organic acids are required to inhibit spore germination than vegetative cell growth in B. cereus. According to Mikolajcik et al. (11) , vegetative cells fail to multiply and spore germination ceases at pH 5.0 in skim milk acidified with lactic acid. However, a different result was obtained in tryptic soy broth medium, in which 0.1 M lactate only decreased the spore germination frequency of B. cereus to 20% at pH 4.2 ( Fig. 8) .
